1. INTRODUCTION {#sec1-1}
===============

Severe defects and loss of long bones such as tibia, femur and metatarsus can be caused by various factors, the most common among which is trauma that can lead to open wound. Loss of body parts or joints can be caused by both primary damages and secondary infections after surgery. Hematogenous osteomyelitis, bone tumors and failed arthroplasty can be mentioned as other causes ([@ref1], [@ref2]). Less common causes including congenital malformations, congenital shortening and various kind of pseudarthrosis are challenging cases for bone defect treatment ([@ref1]). In all these cases, the ultimate goal of treatment would be appropriate direction, restoration of limb length and achieving the union. In the meantime, due to factors such as less damage to the surrounding soft tissues, reduction of required time and tolerable treatment type for patient is also important.

Balance between beauty and performance aspects of the body provides different treatment strategies according to the type of damaged limb. The simplest approach to reconstruction of bone defects would be shortening or amputation at different levels ([@ref1], [@ref2]). The other method is reviving the length of affected limb and induced membrane technique is one of the latest methods for bones with defect due to infections.

Induced membrane technique was first introduced in 1986 by Masquelet et al. and considered as an effective treatment for bone lesions up to 25 cm. Overall, previous infection or radiation is not an inhibition for this procedure if complete soft tissue coverage and suitable vessels are present prior to bone grafting stage ([@ref3]-[@ref5]). Several studies in animals and clinical trials have been performed to detect strengths and weaknesses of this technique ([@ref6]-[@ref8]).

This reconstruction technique requires a two-stage surgery. The first stage surgery includes complete debridement, soft tissue reconstruction by required flap and inserting the polymethyl methacrylate (PMMA) cement in defected place of bone. The second stage would be performed about 8 weeks after the first surgery when the soft tissue is healed completely, the secretion is interrupted, and the laboratory markers (ESR, CRP) are returned to normal. At this stage, the cement would be pulled out, but pseudomembrane would be retained. Then, the empty space would be filled by an iliac crest split bone graft ([@ref9]-[@ref11]).

In early phases of bone defect, especially in infectious cases, the cement is used as a spacer to prevent collapse. It was observed that the cement as a foreign object induced membrane around itself (Foreign body-induced membrane) ([@ref4]). In some studies removing this membrane was avoided to reduce bleeding and their results showed that union increased and their absorption reduced ([@ref9]). The membrane extract also caused proliferation and differentiation of bone marrow cells ([@ref12]). This observation was confirmed in controlled studies as well ([@ref13], [@ref14]).

Due to the importance and positive outcomes of this method in restoration of large defects in bones, many studies are ongoing to improve clinical and biological results. Initial filling material type, the optimal type of used graft and proper means for fixation are the most important objectives in those researches.

Patients with infectious bone defects are the major health challenging patients in trauma clinics. These patients often have poor status of soft tissues around infection sites due to repeated surgeries. Furthermore, some other conditions such as diabetes and poor nutritional status would make more problems for patients to endure reconstructive surgeries. In addition, due to repeated surgeries, high costs and lack of appropriate response during long-term treatments, patients cooperation would be lower for next surgical procedures. This situation even causes voluntary amputation in patients with osteomyelitis.

According to investigations and lack of similar studies in Iran, this study was performed to identify technical strengths and weakness of induced membrane technique in patients with osteomyelitis.

2. MATERIALS AND METHODS {#sec1-2}
========================

This case series study was performed on 21 patients with bone defects in the femur and tibia and metatarsal bones referred to orthopedic clinic of Rasoul Akram Hospital, Tehran, Iran, for induced membrane surgery in 2012-2015.

A written consent was obtained from all patients for the study. Various information including age, gender, defect location, presence or absence of infection, cigarette smoking, drug use, and duration of delay in treatment were recorded by both questionnaire and a checklist of observations and clinical examinations. Defect size assessment was performed based on the full-face and laterals radiographic as well as operation time measurements. Two-stage surgery of induced membrane technique was performed for all patients in this study.

In the first stage, an extensive debridement was performed in defected bone or infected tissue location and then the cement was placed within the defected bone location. Cement was poured in a 50 mL syringe and its body was cut to have smooth cement surface. As necessary, cover flap was used for reconstruction of soft tissue.

In the second stage performed about 8 weeks later, the cement graft was removed and the void was filled by cancellous auto-graft of iliac bone. A one to three ratio mixture of auto-graft and allograft was used in case of large defects. The second stage was performed after ensuring infection healing (discontinued secretion and negative ESR and CRP).

Surgery outcomes were evaluated in the first two weeks after the treatment and monthly until patient's recovery in the orthopedic clinic. Union achievement was the main outcome of this study, which was confirmed by radiographic findings (welding three of four cortices in lateral and full-face radiography) and physical examination (ability of weight bearing without pain and instability). Confounding complications such as limitations in range of motion and iliac bone graft harvest site complications were secondary results of this study, which were evaluated using clinical examinations.

SPSS ver. 16 (SPSS Inc. Chicago, IL, USA) was used for data analysis. Quantitative and qualitative data were reported as average and percentage of distribution, respectively.

3. RESULTS {#sec1-3}
==========

Only one out of twenty-one patients enrolled in the study was female. Growth hormone was not administered in any participants. Corrective action, osteotomy and angulation using plaque, was necessary for one of the patients. Bone defects were in tibia, femur and metatarsus in 9, 9 and 3 patients, respectively. Three patients received soft tissue reconstruction with flap before induced membrane surgery.

The mean age of patients was 30.52 years and the minimum and maximum were 19 and 65 years, respectively. The mean bone defects size was 85.71 mm ranged 30-150 mm. Five patients (23.8%) had cigarettes smoking and 2 cases (9.5%) used drugs with cigarettes. The average delay from onset of bone defects to start the treatment was 14.19 months ranged 0-90 months. None of these parameters had significant effect on union status ([Table 1](#T1){ref-type="table"}).
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Finally, 17 patients (90%) had clinical and radiographic union in follow-up ([Figure 1](#F1){ref-type="fig"}). Two patients did not finish their follow-up and needed more time to achieve final results. The remaining 2 patients did not respond to this method. One of them underwent amputation and the other one underwent the Ilizarov surgery ([Figure 2](#F2){ref-type="fig"}).
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In the case of union, the average recovery time was 7.35 months ranging from 4-12 months. Traction was performed by observing union for all patients. Despite harvesting a large volume of iliac crest bone for this technique, none of the patients had movement limitation or any adverse effects in the harvesting place.

One of the failure treatments was in a 56-year-old male patient with schizophrenia and addiction to cigarettes and drugs ([Figure 2A](#F2){ref-type="fig"}). The patient did not adhere to medical recommendation and put cigarette ash on surgical wound. Ultimately, amputation was performed due to severe infection.

The second case was a 20-year-old male patient who developed infection again after a bone graft ([Figure 2B](#F2){ref-type="fig"}). It was found that the graft was reabsorbed. Due to removing high amount of graft from both sides of iliac crest, re-harvesting or access to RIA system was not possible and the Ilizarov surgery was performed to continue the treatment.

4. DISCUSSION {#sec1-4}
=============

Induction membrane technique in 1986 was provided by Masquelet et al. and partly by accident ([@ref1], [@ref2], [@ref5]). This technique was performed due to need to use a membrane to prevent graft resorption. To achieve this goal, it was tried to use synthetic polylactide membrane which was needed to be meshed for graft blood supplementation. Casual observation suggested that non-debrided membranes surrounding the cement to stop the bleeding were associated with subsequent graft union improvement. This organized idea confirmed in some studies needs to be further evaluated ([@ref9], [@ref10], [@ref14]).

This important reconstructive surgery needs two stage of operation. Various studies have been performed by laboratory animals and clinical trials to investigate the strength and weakness points of this technique ([@ref12], [@ref15]). The results of this technique would be better if this point is considered during the operation ([@ref16]).

The nature and function of the induced membrane has been focused on various histology studies. Remaining the cement for four weeks as a long bone defect spacer would induce a membrane around the cement. This membrane would be a protector for second stage bone graft and inhibit grafts resorption in high percentage ([@ref17]). In addition to physical protection, secretion of growth and inflammatory factors lead to proliferation and differentiation of bone cells ([@ref12]). This phenomenon has been proved by several histologic studies in laboratory animals and clinical trials.

Using this method in cases of infected bone defects was the noteworthy point of this study. The fundamental challenges of infectious bone defects, especially in trauma centers such as Rasoul Akram Hospital, are patients that have lesions with different surgery and soft tissue infection. These patients usually have soft tissue around the infection point due to repetitive surgeries ([@ref1], [@ref2], [@ref18]). Delivering higher concentrations of antibiotics in the cement, keeping the limb length and relative stability with cement spacer, providing the perfect time to treat the infection and ensuring no recurrence are obvious characteristics of this method ([@ref19], [@ref20]).

Gouron et al. conducted a study to investigate the recovery time and complication of this technique in children (mean age of 11 years) with bone defects caused by trauma, tumor and congenital pseudarthrosis. Average follow-up was 30 months and the average percentage of restructuring was 32% in this study. Bone union was observed in 9.5 months which is partially similar to our results. About 35% of patients experienced non-union but by improving the fixation and bone grafting, union was observed. The low rate of achieving auto-graft and need to use bone chips and even tibial strut grafts in children were the reasons for poor results obtained in this study ([@ref21]).

Karger et al. performed a study to investigate the treatment results of post-traumatic bone defects by induced membrane technique. This study was performed on 84 participants with long bone defects due to trauma. Totally, 70% of lesions were in the lower extremities and 50% associated with infection. In more than a half of cases, the lesions were more than 5 cm. Their results showed that 90% of patients had union after an average of 14 months after reconstruction surgery ([@ref18]), which was partially the same as our results.

In 2012, Taylor et al published a paper to describe induced membrane technique for reconstruction to manage bone loss. Same to our obtained results, the achievement of their experiment showed excellent clinical results with successful reconstruction of segmental bone defects \>20 cm ([@ref7]).

Zappaterra et al (2011) published their experiment with aim of studying the achievement of induced membrane technique for the reconstruction of bone defects in upper limb. Although their participants number were low, but same to our results they showed union achievement in about 90% of the cases with a follow-up of 23 months ([@ref21]).

Overall in this study, 21 cases of bone defects with an average of 9 cm (up to 15 cm) of the femur, tibia and metatarsus were treated with induction membrane technique. Two-thirds of patients had chronic infection and the rest of them had sub-acute infection. The average delay in treatment was 14 months with a maximum of 90 months. Our results showed that 90% of patients successfully treated at the end of follow-up. In successful treated patients, union average recovery time was 7.35 months with a range of up to 12 months.

5. CONCLUSION {#sec1-5}
=============

Patients of this study were challenging cases due to having severe infection. It can be stated that using this method would have high success for patients with defects in their long bones. Comparison of this study results with previous ones showed the acceptable outcomes and correct use of this technique. At last, the procedure which is used for induced membrane technique in this experiment can be recommended for other cases with same lesions.
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